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INTRODUCTION
Farm exposure during pregnancy and early childhood has been associated with asthma and allergy protection in children (1) (2) (3) . Underlying immune mechanisms of protection involve a wide range of different cell types, non-immune, innate and adaptive immune cells; however the contribution of distinct cell types is yet not fully understood. Consumption of not pasteurized farm-milk influences innate dendritic cells, specifically myeloid dendritic cells (4) . Adaptive CD4 + T-helper cells play a crucial and established role in development/maintenance of allergic diseases and asthma (5) (6) (7) . Specifically, an asthmaprotective effect by farm-milk consumption is in part mediated by regulatory T-cells in childhood (8) . The contribution of CD8 + T-cells in allergic diseases and asthma is not fully understood. While some studies describe a protective role by suppressing CD4 + T-helper 2 cells and inducing IFN-γ secretion (9) (10) (11) , other studies suggested that CD8 + T-cells contribute to the development of allergies and inflammation after cockroach sensitization (12) and increased IL-4 production by peripheral blood CD8 + T-cells in asthmatics (13) . A potential protective mechanism has been proposed by chronic exposure to microbial burden which may induce maturation of CD8 + T-cells (14) . Thus, we aimed to examine, whether farm-exposure modulates CD8 + T-cells and their subtypes in 6-year-old children from the international PASTURE/EFRAIM birth cohort study.
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METHODS

Study characteristics
The PASTURE/EFRAIM Study is an international birth cohort study including 1,133 children from rural areas in Germany, Switzerland, Austria, Finland and France (15) with follow-up from the third trimester of pregnancy until 10.5yrs, comprising children who live and do not live on farms. These children were repeatedly invited to participate in follow-ups that included questionnaires and/or blood sampling. Questionnaires were administered at end of pregnancy or birth and when the children were 2 months, 1, 1.5, 2, 3, 4, 5, 6 and 10.5yrs of age (8) . In German children with available blood for flow cytometry at age 6yrs, CD8
expression was analysed (CD8-group, N=76, 41 farmer with 4 asthmatics, 35 non-farmer with 6 asthmatics, Table 1 
Questionnaires and clinical definitions
Extensive questionnaires based on previous studies (15, 16) were completed by the parents at the respective follow-ups. The questionnaires assessed information on general health, with a focus on doctor´s diagnosis of asthma and farm exposures. A child was considered a "farm child" when parents answered "yes" to the question "Does your child live on a farm?" and whose family ran the farm (8) . Other factors such as socioeconomic status, family history of atopy, and maternal smoking were noted. Asthma was assessed at age 6yrs when the clinical phenotype of asthma is rather stable (17) . Asthma was defined as physician's diagnosis of asthma at least once per lifetime and/or recurrent diagnoses of spastic, obstructive, or asthmatic bronchitis as reported by the parents at age 6yrs.
Cell isolation and stimulation
PBMCs were isolated within 24h after blood withdrawal by density gradient centrifugation with Ficoll-Paque™ PLUS (GE Healthcare, Piscataway, USA). Cells were washed and resuspended in RPMI 1640+GlutaMax (Gibco, Carlsbad, USA) with 10% human serum (Sigma-Aldrich, Steinheim, Germany) at a final concentration of 5x10 6 cells/ml. PBMCs were then stimulated with PMA (5ng/ml)/Ionomycin (1µg/ml) (PI) or were cultured without stimulation (U) at 37°C with 5% CO 2 . For intracellular staining, 1 µl of 1000x Brefeldin A (eBioscience, San Diego, USA) was added to 5x10 6 cells after 23h. After a total incubation A C C E P T E D M A N U S C R I P T time of 24h, cells were washed and prepared for quantitative cell assessment by flowcytometric analysis. Based on cell availability, sample number varied between stimulation conditions. N=76 children were cultured without stimulation and N=73 were cultured with PI stimulation (3 non-asthmatic non-farm children were not stimulated with PI). 
CD8 T-cells, B-cells, NK and intracellular IFN-γ assessment
Cytokine assessment
Whole blood supernatants from 6-year-old children were collected after 24h stimulation with PI (5ng/ml PMA, 1µg/ml Ionomycin). IFN-γ was measured in the supernatants by multiplexed cytometric bead array according to the manufacturer's instructions (BD) in Marburg, Germany. The detection limit was 0.01pg/ml and the cytokine level below the detection limit was set to zero. IFN-γ concentration was standardized by the number of leukocytes (calculated using Sysmex KX-21N blood cell analyzer; Sysmex Corporation, Kobe, Japan).
Genotyping
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THEORY
A naïve CD8 + T-cell can differentiate into different subsets of an effector cell depending on cytokine milieu and antigen exposure (20, 21) . One of these options is becoming either a "normal" CD8 expressing cell or, alternatively, a CD8 low T-cell. Asthma has significant genetic contributions. Single-nucleotide polymorphisms (SNPs) in GSDMB (Gasdermin B) and ORMDL3 (ORMDL sphingolipid biosynthesis regulator 3) at the 17q21 asthma locus are strongly associated with childhood asthma (18, (22) (23) (24) . ORMDL3
protein is a negative regulator of sphingolipid synthesis (25) , while the function of GSDMB protein is not fully understood, but an involvement in secretory pathways is suggested (26) . Due to the tremendous increase of allergic diseases worldwide (27) , creating a substantial social and financial burden, it is important to better understand the underlying immunological mechanisms of protection. Dendritic cells and regulatory T-cells can only partly explain the asthma-protective farm effect (8, 28) . Thus, we aimed to investigate the role of CD8 + T-cells in asthmatic and non-asthmatic farm children.
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RESULTS
Study population
Of the 1,133 enrolled children in the PASTURE/EFRAIM cohort, 934 children participated in the 6yrs questionnaires (Table 1) . We report CD8 T-cells only within the German arm of the study (N=254), comprising about one fifth of the total study population. Due to limited cell availability, data on CD8 T-cells was only available in N=76 at age 6yrs (41 farmer with 4 asthmatics, 35 non-farmer with 6 asthmatics). Since cell numbers were limited, not all samples were cultured under all stimulation conditions. No significant differences were found between the whole population, the German subpopulation and CD8-group of the PASTURE/EFRAIM cohort in regards to maternal, paternal or parental atopy, sex, smoking during pregnancy and asthma at age 6yrs (Table 1) . However, the German subpopulation displayed a significant difference in regard to the number of siblings (Total 33.5%, Germany 26.8%), while the CD8-group contained more farm children (Total 46.8%, CD8-group 53.3%). The SNP frequencies were slightly varying between the CD8-group and the total PASTURE/EFRAIM population, but not significantly different. Clinical symptoms of asthmatic farm and non-farm children were comparable regarding wheeze, with no significant differences in their family-history atopy and specific IgE levels against common allergens. Figure 3B ). Without farming stratification similar significant results were obtained ( Figure 3) . By comparing farm and non-farm asthmatics, the CD8 low cell profile of asthmatic farm children revealed slightly higher numbers as compared to asthmatic non-farm children, however not significantly. The gating strategy for CD8 low T-cells is shown in Figure   S1 , S2 and S5. antibody (20) . Therefore, we measured IFN-γ in whole blood supernatants of PI-stimulated cells from 6-year-old children in the CD8-group and in available supernatants of blood samples of the German subpopulation (N=148). Notably, there was no selection bias between the whole PASTURE/EFRAIM population, the German subpopulation and the CD8-group (Table 1) . Among farm-exposed children, asthmatics showed significantly lower IFN-γ levels (pg/ml) than non-asthmatics in the CD8-group and the German subpopulation (CD8-group, Figure 4A ). Figure   4B ). Since the 13 farm children included only one asthmatic child, this study was not powered to detect differences for IFN-γ production between 10.5-year-old asthmatic and non-asthmatic farm children in any cell type. The gating strategy for IFNγ-producing CD8 + , CD8 normal , CD8 low , NK-and B-cells is shown in Figure S3 -S5.
Asthmatic farm children
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Asthmatic farm children with asthma risk alleles have more CD3 +
CD8 low T-cells than non-asthmatic children with risk alleles
To analyze the role of genetic asthma predisposition on CD3 + CD8 low cells, genotyping of SNPs on 17q21 locus associated with childhood asthma (GSDMB rs2290400 and rs7216389, ORMDL3 rs8076131) was performed in children of the CD8-group (N=76, Table 1 ). The minor allele frequency (MAF) in the total population and in the CD8-group was about 45-47% ( 
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Twardziok et al 13 differences of CD8 low T-cells between asthmatic children with risk alleles of farm vs nonfarm, we did not detect significant differences for the risk alleles GSDMB_rs2290400
(CT_TT), ORMDL_rs8076131 (AG_GG) and GSDMB_rs7216389 (CT_TT) with p-values of p=0.51, p=0.10 and p=0.51. Of note, the number of analyzed children is limited with a maximum of n=10 children in total. Table 3 gives detailed information about the number of individuals in each group.
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DISCUSSION
In a subgroup of the large international PASTURE/EFRAIM birth cohort, we demonstrate that asthmatic 6-year-old farm children have lower IFN-γ levels (in PI-stimulated whole blood supernatants) and more CD3 
Role of CD8 low T-cells in asthma
The 
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without PI stimulation) does not directly reflect suppressor function. Yet, this group of asthmatic farm children is an important subgroup to study and to learn from, since protection does not work as efficiently as in the large group of protected non-asthmatic farm children.
Role of IFN-γ secretion by CD8 low T-cells in asthma
Since IFN-γ secretion was shown to be markedly different between CD8 normal and CD8 low Tcells (20), we measured IFN-γ in whole blood supernatants of PI-stimulated cells in 6-yearold children with available CD8 data (CD8-group) and the whole German subpopulation.
Among farm-exposed children, asthmatics showed significantly lower IFN-γ levels than nonasthmatics and also non-farm children displayed at least a similar direction, yet not significant, matching a type-2 shifted immune state in asthmatic children. IFN-γ is a Th1/ type-1 cytokine promoting enhanced phagocytic activity, while type-2 immune responses are characterized by e.g. IL-4 and IL-13 secretion and high antibody titers including IgE (35) being associated with asthma and allergy. Low IFN-γ expression levels postnatally are related to higher risk for allergies, atopic disease and airway obstruction (36, 37) . Intracellular 
Impact of genotype for CD8 low T-cells and asthma
The chromosome 17q21 locus with the co-expressed genes ORMDL3 and GSDMB is known as major genetic risk locus for childhood asthma (38) . While ORMDL3 protein is a negative regulator of sphingolipid synthesis (25) , GSDMB is a member of the gasdermin-domain containing protein family. Its protein function is not fully understood, but an involvement in secretory pathways is suggested (26) . Furthermore, it was recently shown that GSDMB is highly expressed in lung bronchial epithelium and its overexpression in primary human bronchial epithelium increased expression of genes important to airway remodeling (TGF-β1, 
Strengths and limitations of our study
Notably, our study´s limitation are the small case numbers due to the study design in an "asthma-protective farm environment", but still our results point to a clear role for A C C E P T E D M A N U S C R I P T
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Asthmatic (A) children are shown in red, non-asthmatic (NA) children are shown in blue.
Bars above boxplots display significant Wilcoxon-test comparing asthma against no asthma.
N(overall)=76. N(A-F;NA-F;A-NF;NA-NF)=4;37;6;29. A C C E P T E D M A N U S C R I P T  The amount of CD8 low T-cells indicates a specific farm-dependent mechanism associated with childhood asthma.
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